Introduction. Twin vaginal delivery presents a unique clinical challenge for obstetricians. The Twin Birth Study demonstrated the safety of planned vaginal delivery regarding neonatal outcomes. However, that study lacked a description of the risk factors associated with and the outcome of unplanned cesarean section. The aim of this study is to identify potential risk factors for cesarean section and delivery related neonatal morbidity and mortality in women with twin pregnancy attempting vaginal delivery. Material and methods. A retrospective cohort study including 1070 women with twin pregnancy that underwent a trial of labor between 2003 and 2015. The study population was divided according to the mode of delivery: vaginal delivery, combined vaginalcesarean and intrapartum cesarean delivery of both twins. Several risk factors and neonatal outcomes were examined by both univariate analysis and multinomial logistic regression analysis. Results. The rate of vaginal delivery of both twins was 88.3%, whereas the rates of combined vaginal cesarean and unplanned cesarean delivery were 4.6% and 7.1%, respectively. Nulliparity and nonvertex presentation of twin B were found to be independently associated with cesarean delivery for both twins. Additionally, nonvertex presentation of twin B was independently associated with combined vaginal-cesarean delivery. The proportion of neonates with Apgar score <7 at 5 min was increased for both twins in the combined vaginal-cesarean group compared with those delivered by the vaginal route alone. Conclusion. Nulliparity and nonvertex presentation of twin B were found to be associated with intrapartum cesarean delivery in twin pregnancies.
Introduction
The safety of vaginal delivery for twins has long been questioned due to concerns over increased morbidity and mortality of the second twin (1) . The rate of cesarean section for twins increased from 53.4% in 1995 to 75% in 2013 (2, 3) . The reason for the increased rate of cesarean deliveries in twins is unclear, but appears to be due, in
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Intrapartum cesarean delivery in twin pregnancies is associated with nulliparity and nonvertex presentation of twin B. However, neonatal outcomes following intrapartum cesarean are comparable to those following a successful trial of labor with only rare exceptions. part, to a perception that vaginal delivery increases the risk of adverse outcomes, particularly for the after-coming twin. The Twin Birth study (4) , demonstrated that planned cesarean section was not superior to planned vaginal delivery with regards to maternal risk or neonatal mortality or morbidity.
Based primarily on the data published in this study, the American Congress of Obstetrics and Gynecology and the Society of Maternal-Fetal Medicine stated that women with twin gestation and a cephalic-presenting first twin should be counseled to attempt vaginal delivery (5) . Nonetheless , that study did not analyze the risk factors for unplanned cesarean delivery in women attempting vaginal delivery, nor did it describe the risk factors for neonatal morbidity and mortality.
These questions were assessed by several retrospective studies, which demonstrated inconsistent findings.
In a study from Ireland including 441 women with twin pregnancies attempting a trial of labor, the rate of successful vaginal delivery was 77% (6) , whereas 4% of the women had combined vaginal-cesarean delivery. Nulliparity and assisted conception were found to be risk factors for cesarean delivery, but the study did not control for confounders. In a more recent study, 286 women with twin pregnancy attempting vaginal delivery were enrolled, of whom 82.8% delivered both twins vaginally and none of them underwent combined vaginal-cesarean delivery. Nulliparity and advanced maternal age were found as independent risk factors for cesarean delivery (7) .
As for neonatal outcomes, it seems that twin B displayed higher morbidity rates including lower Apgar scores and hypoxic ischemic encephalopathy (8, 9) , although the absolute numbers are small.
In this study, we aimed to assess the likelihood of achieving vaginal delivery and to further identify maternal, obstetric and fetal potential risk factors for cesarean section and neonatal morbidity and mortality in women with twin pregnancies attempting vaginal delivery.
Material and methods
This retrospective cohort study included all twin pregnancies between 32 0/7 and 42 0/7 weeks of gestation that underwent a trial of labor in one of two Hadassah University Center campuses between May 2003 and July 2015. Inclusion criteria were as follows: twin gestation; ≥ 32 weeks' gestation; neonatal weight ≥ 500 g; attempt of vaginal delivery (spontaneous and induced). Exclusion criteria included any diagnosis that precludes vaginal delivery (placenta/vasa previa, two or more previous cesarean sections or other uterine corporal surgery, nonvertex presentation of twin A, patient's desire), antenatal fetal death, monoamniotic twins and incomplete records.
The cohort was divided into three study groups according to the mode of delivery: vaginal delivery of both twins (V-V), vaginal delivery of twin A and cesarean section of twin B (V-CS) and cesarean section of both twins (CS-CS).
Our standard practice is to deliver uncomplicated dichorionic twin pregnancies at 37-38 weeks of gestation and uncomplicated monochorionic twins at 36-37 weeks of gestation. Induction of unripe cervix is performed using an extra-amniotic Foley or Cook double-lumen catheter.
The intrapartum management protocol for twin births in our centers includes: ultrasound examination upon admission to assess presentation, regional anesthesia, amniotomy and continuous fetal monitoring of both twins using scalp electrode for the first twin and immediate access to the operating room in cases of emergency cesarean section. All labors are supervised by an experienced senior obstetrician. Protracted and arrest disorders are diagnosed according to the standard definitions used both for singleton and twin deliveries. A cesarean section is performed when arrest of the first stage is diagnosed, whereas arrest of the second stage is managed according to the station of the leading part -above SP+2 (2 cm under the ischial spine) a cesarean section is performed and below this station an operative vaginal delivery is carried out.
Delivery of the second twin depends on its presentation and lie. In the case of a vertex presentation and engaged head, amniotomy is performed and the patient is instructed to push. If the head is unengaged then oxytocin is given and amniotomy is carried out whenever judged appropriate by the operating obstetrician. If presentation of the second twin is breech or transverse, total breech extraction is performed in the operating room. Internal podalic version is rarely performed.
Trial of vaginal delivery was documented in the woman's electronic record upon entering the delivery room. Data were retrieved from the comprehensive computerized databases of the delivery room. Information regarding maternal age at delivery, parity, gestational age (determined from date of in vitro fertilization, first-trimester ultrasound, last menstrual period, obstetric estimate and pediatric estimate, in that order), presentation, previous history of cesarean delivery, birthweight and Apgar scores at 1 and 5 min was collected from the obstetric electronic charts. Variables relating to the neonate and neonatal outcome were also collected from electronic records. Demographic neonatal data included infant sex and birthweight. Neonatal outcome data included newborn admission, umbilical artery pH and neonatal outcome including respiratory, neurologic and metabolic complications, and birth trauma.
Outcomes
The primary maternal outcome was the need for intrapartum cesarean delivery. The secondary outcomes were neonatal morbidity and mortality. All neonatal outcomes were determined by the attending pediatrician according to international and national definitions. Neonatal asphyxia was defined as Sarnat stage 2 and 3 (10). Neonatal composite outcome included one or more of the following: neonatal mortality (death before discharge from neonatal intensive care units), poor neurologic outcome (including neonatal asphyxia, seizures, intraventricular hemorrhage or periventricular leukomalacia), poor respiratory outcome (including respiratory distress syndrome or transient tachypnea of the newborn), birth trauma (including cephalohematoma, subgaleal hematoma and bone fractures) and necrotizing enterocolitis.
Hadassah Medical Center comprises two universityaffiliated tertiary center campuses with approximately 12 000 deliveries per year. Each twin delivery is supervised by a board-certified obstetrician, under continuous fetal monitoring. The preferred method for delivering the nonvertex second twin is total breech extraction, which takes place as 'double setup' in the operating room.
Statistical analyses
Maternal demographic and obstetrical characteristics were compared between the V-V and each of the other two groups (V-CS and CS-CS) using two-tailed Student's t test and the chi-squared test for continuous and categorical variables, respectively. Then, a multinomial logistic regression analysis was performed to assess the association between the statistically significant demographic and obstetric-related risk factors by univariate analysis and the mode of delivery of both twins, after adjustment for confounding factors. Adjusted odds ratios (OR) and 95% CI were calculated. The significance of statistical tests was evaluated using p values at the 5% significance level. Data were analyzed using the IBM Statistical Package for the Social Sciences version 21.0 (IBM SPSS Statistics, Chicago, IL, USA).
Ethical approval
The study was approved in January 2016 by the Human Investigation Review Board of Hadassah Hebrew University Medical Center (IRB approval number: HMO-0652-15).
Results
During the study period between January 2003 and December 2015 there were 3339 twin pregnancies. Of those, 1997 did not have a trial of labor, 149 cases were excluded due to incomplete records, 88 cases were before 32 weeks of gestation or a birthweight < 500 g and 35 cases were excluded because of intrauterine fetal demise or fetocide. A total of 1070 cases attempted a trial of labor and were eligible for the study. Neonatal outcomes were coded in the electronic medical record software only from September 2009 and so only 479 neonatal outcomes were available after cross-referencing the maternal and delivery record with the neonatal outcomes records.
Basic maternal and perinatal characteristics of the study population are presented in Table 1 . The majority of the women (71.3%) included in the study were multiparous and under 35 years of age. Almost two-thirds of the women (65.2%) received anesthesia and only 24.1% of the women underwent induction of labor.
To estimate the risk factors independently associated with cesarean delivery a multinomial logistic regression controlling for gestational age (under or over 36 weeks), parity and nonvertex presentation of twin B was performed. Nulliparity was found to be independently associated with an increased risk of cesarean delivery for both twins (OR 3.36, 95% CI 2.05-5.49) whereas nonvertex presentation of twin B was independently associated with an increased risk of cesarean section in both groups (CS-CS: OR 2.23, 95% CI 1.41-3.8; V-CS: OR 3.56, 95% CI 1.96-6.45; p < 0.01 for both when compared with the V-V group).
Successful vaginal delivery was achieved in 88.3% of the study group, whereas 7.1% of the women underwent a cesarean delivery of both twins and 4.6% had a combined V-C delivery. No changes in obstetrical practice were recorded during the time frame assessed in the study.
An inter-twin birthweight discordance of > 20% was demonstrated in 10.4% of the study population (5.2% A > B and 5.2% B > A). Nonvertex presentation of twin B was found in 28.9% of the cohort population. The risk factors that were found to be significantly associated with cesarean delivery in a univariate analysis were nonvertex presentation of twin B and nulliparity (Table 2) . Nonvertex presentation of twin B was found to be a risk factor for unplanned cesarean delivery of either both twins or twin B alone. Nulliparity was found to be significantly associated only with cesarean delivery of both twins. None of the other maternal or fetal characteristics examined was found to be a significant risk factor for a cesarean delivery.
Neonatal outcomes were additionally evaluated according to mode of delivery and are presented in Tables 3  and 4 . The proportion of neonates with Apgar score < 7 at 5 min was increased for both twins in the combined V-C group compared with those delivered by the vaginal route alone; however, numbers were small. Twin A in the CS-CS group had lower pH and base excess (BE) compared with the V-V group. Furthermore, the proportion of twin A neonates with pH < 7.1 was significantly higher as well. Twin B had lower mean pH and BE in the V-CS group than the corresponding twin in the V-V group, but this did not reflect in an increased proportion of neonates with pH < 7.1.
Only one case of neonatal death occurred in the entire cohort. This occurred in the combined V-C group and involved the second twin. This happened during the delivery of vertex/vertex presenting twins at 35 +4 weeks of gestation of a G6P2SAB3 (gravida 6, para 2, abortus 3) healthy woman with unscarred uterus. Several minutes after the delivery of twin A a significant vaginal bleeding appeared along with prolonged deceleration of twin B. Fetal heart rate did not recover and turned into terminal bradycardia. Artificial rupture of membranes was performed immediately, and bloody water came out. The patient was transferred immediately to the operating room, and an emergency cesarean section was performed. Twin B was delivered pulseless with Apgar scores 0 at 1 min and 0 at 5 min. Resuscitative efforts were unsuccessful.
Additional neonatal outcomes including hypoglycemia, hypocalcemia, necrotizing enterocolitis, neurological abnormalities and fetal anomalies did not significantly differ between the modes of delivery groups (data not shown).
Discussion
This cohort study of 1070 twin pregnancies demonstrated an 88% success rate of vaginal delivery of both twins, 7.1% of cesarean delivery and 4.6% of combined delivery.
The significantly associated risk factors identified in our study for unplanned cesarean delivery were nulliparity and nonvertex presentation of twin B. The latter was consistent for both the V-CS and the CS-CS groups and corresponds with other recent observations (9,11-13) demonstrating nonvertex presentation of twin B to be a risk factor for an emergency cesarean. However, most of those studies assessed only combined delivery as the primary outcome and did not relate to the risk factors of cesarean delivery of both twins during a trial of labor.
The association between nulliparity and a failed trial of vaginal delivery in twin gestation was previously established but, similar to the aforementioned comment, was not assessed separately for combined delivery and cesarean delivery of both twins (6, 7, 14) . In contrast with previous studies in which arrest disorders accounted for the majority of unplanned cesarean delivery (13, 14) , most of the unplanned cesarean deliveries in our study were due to nonreassuring fetal heart rate (42.1% in the CS-CS group and 30.6% in the V-CS group, data not shown). Other common indications for intrapartum cesarean were arrest of dilatation (13.2%) and arrest of descent (11.8%) in the CS-CS group and malpresentation (24.5%) in the combined vaginal cesarean group.
The overall perinatal morbidity was similar between the groups except for a lower mean pH and BE of twin A in the CS-CS group (reflected also in higher proportion of pH < 7.1 in this group of babies) and of twin B in the V-CS group (reflected also in lower 5-min Apgar score).
We propose that, although numbers are small and the study was underpowered for neonatal outcome assessment, the fact that a difference in the neonatal outcomes was displayed between the CS-CS group and the V-CS group enhances the importance of analyzing these two groups separately, in contrast to most of the published literature.
Inter-twin weight discordance even > 20% was not found to be an independent risk factor for unplanned cesarean delivery, though power calculation was not performed. The literature is controversial regarding perinatal outcomes in the presence of weight discordance. Inter-twin weight discordance > 20% was found to be a risk factor for increased perinatal morbidity of twin B Table 2 . Univariate analysis of maternal risk factors in twin pregnancies attempting vaginal delivery -comparison to the vaginalvaginal group (n = 945). (15). Yet, the risk ratio was not adjusted for other confounding factors in that study, and hence, the true risk attributable to inter-twin weight discordance may be different. Furthermore, there was no exclusion of deliveries of very small (> 500 g and < 1500 g) fetuses and nonvertex of twin A from the analysis. Branum and Schoendorf aimed to estimate the association between birthweight discordance and neonatal morbidity and mortality (16) .The primary outcome was a composite measure of perinatal mortality and serious neonatal morbidity, which included perinatal death, birth asphyxia, respiratory distress syndrome, neonatal infection and birth trauma. They analyze the data of 1542 twin pairs, of which 211 (13.7%) twin-pairs had ≥ 20% birthweight discordance. In their study, they found that the second twin was at greater risk of adverse perinatal outcome than the first twin, independent of presentation, chorionicity or infant sex. This risk was greater when there was ≥ 20% birthweight discordance. These findings are consistent with other studies (17) (18) (19) However, all of the aforementioned observations focused on the perinatal and neonatal outcomes in the context of discordancy but did not regard the association between weight discordance and successful vaginal delivery. This was displayed by several studies by Breathnach et al., Engelbrechtsen et al. and Persad et al. that did not find discordancy to be a risk factor for a failed trial of vaginal delivery (6, 8, 12) .
This study is comprised of 1070 women with twin gestation attempting vaginal delivery, to the best of our knowledge, it is one of the largest published on this issue. Furthermore, as we thought it would be relevant in predelivery counseling, we analyzed separately the risk factors for cesarean delivery of both twins and for combined vaginal-cesarean delivery, and demonstrated a difference in the risk factors profile for each of the two modes of delivery. Another advantage is the fact that not only the chances for successful vaginal delivery and risk factors for a failed trial of labor were assessed but we also regarded the safety of a trial of labor in twin gestation that was demonstrated by the neonatal outcomes which were analyzed, although not powered.
The retrospective design of our study is a limitation that makes it more prone to bias. It is reasonable to assume that pregnancies considered being high risk such as pregnancies with suspected intrauterine growth restriction, nonreassuring fetal monitor, abnormal Doppler flows, abnormal biophysical profile or significant sonographic weight discordance were immediately referred to cesarean section, and therefore our conclusions mostly relate to pregnancies judged to be eligible for trial of labor.
Neonatal complications beyond pH and Apgar scores were available only for 479 neonates. This limitation and the relatively small number of neonates in the V-CS and CS-CS groups, makes this study underpowered to assess rare neonatal complications.
Another aspect regarding the selected study population that might contribute to the high success rate of vaginal deliveries and restrict our conclusions, is the fact that the vast majority of our cohort is composed of multiparous women.
However, despite its retrospective design we believe that the validity of the factors found to be associated with the course of vaginal delivery is substantial, due to the relatively large number of women included in the study and its methodology.
To conclude, our study shows that nulliparity and nonvertex presentation of twin B are associated with increased risk of cesarean delivery. Nonetheless, neonatal outcomes following unplanned cesarean delivery are comparable to those following a successful trial of labor with only rare exceptions.
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